Abstract-Pepper is a key export of the state of Sarawak (Malaysian Borneo); it produces 98% of Malaysia's pepper. At present, processed pepper berries are graded manually. This process is time consuming and error prone as it is very much dependent on the experience of the pepper grader. To overcome these weaknesses, we propose a Pepper Grading System which employs image processing and machine learning approaches using image features and moisture content data of the pepper berries. For instance, from initial tests, a high correlation between the grade of pepper berries to the colour features has been detected. Using existing machine learning algorithms in WEKA, we have obtained a 100% accuracy in categorising the pepper berries into the correct grades. In addition, moisture content and colourometer readings provide another 2 other parameters which may complement the image features in accurately classifying the berries into the right grades.
INTRODUCTION
Pepper, the world's most widely used spice for food flavouring, is the fruit of the tropical climbing vine Piper Nigrum L., native to south-western India. In Malaysia, pepper cultivation dates back to 1856 but more extensive planting started in the 1900s. Currently, Malaysia ranks fifth after Vietnam, India, Indonesia, and Brazil in terms of pepper production. Nearly 98% of Malaysian pepper is produced in the state of Sarawak on Borneo Island. About 95% of the pepper traded globally is in the form of black and white pepper. The remaining 5% is made up of pepper oleoresin, pepper oil, green pepper and ground pepper. Practically, all Malaysian pepper exports are in the form of black and white pepper which is produced generally in the ratio of 70:30 respectively. Malaysian Pepper Board (MPB), a statutory body established under the Malaysian Pepper Board Act 2006, oversees all pepper related activities in the country, including the grading of all pepper for export [3] . Buyers of processed Malaysian pepper are assured of receiving the quality of pepper that they agreed to purchase as per the grade certificates and colour labels issued by the MPB. This serves as an assurance that Malaysian pepper exporters will deliver pepper that meets the specifications of that grade.
Processed pepper berries are graded by size, colour, moisture content, and extraneous matter content. Six grades of white pepper berries and five grades of black pepper berries are used. Currently, the use of an automatic commercial colour sorter for the pepper berries is only for discriminating one grade, which is the best white pepper namely "creamy white". However, the sorting of pepper berries into the other grades are still being carried out manually in the lab. Thus, our research focuses on grading these remaining grades that are specified in Table I . MPB is seeking alternative methods to execute the grading process more accurately and more reliably. We believe the manual, time-consuming and error-prone pepper grading task can be improved significantly using image processing, machine learning techniques and statistical approaches.
In this paper, we propose a framework for an intelligent and automatic pepper grading system to grade the white pepper berries according to its respective grades based on the ISO pepper grading standard. Ultimately, this project could be extended as a framework for grading the black pepper berries as well as other related agricultural products. The main difference of this framework is that we include image processing approaches complemented with chemical content analysis to automatically grade the pepper.
The remainder of this paper is organised as follows. In Section II, we discuss the related work. In Section III we describe the framework and methodology used. In Section IV, we present our initial finding and in Section V, we conclude our findings and provide suggestions for future work. 
A. Image Processing and Computer Vision
Attempt to automatically grade Sarawak White Pepper was pioneered by the work done by Abdesselam et al. [1] and [2] . Their research indicated that the colour features can be used significantly to grade the unknown pepper berries. This work was extended by Abdesselam et al. [3] to study the effectiveness of using Artificial Neural Network (ANN) in the grading process.
Abdesselam et al. [3] experimented with individual colour components of the RGB color model, various normalization methods, a number of nodes and different training algorithms of ANN for grading pepper berries. Their result showed that"red" intensity values produced better classification results as compared to the "green" and "blue" intensity values. They also showed that certain grades of pepper shares the same "green" or "blue" intensity values while "red" intensity values were distributed into non-overlap clusters. Their experiment also revealed that the Mean-std normalization and TRAINLM algorithm performed best for Artificial Neural Network using five layers of hidden nodes.
On the other hand, Lau and Low [4] attempt to classify and differentiate the black and white pepper berries using Canny edge detector and template matching algorithms.
Besides pepper berries, Recce et al. [12] have built a system to grade oranges into three grades according to their surface characteristics which include size, shape, surface colouration and defect markings. Their research used a neural network classifier on rotation invariant transformations (Zernike moments) to recognise radial color variation, that was shown to be a reliable signature of the stem region.
Our initial research on Buhler Sortex Z+; a commercial sorting machine currently used by MPB shows that the machine operates on both intensity and spectral images with infrared imaging as an extra option. The machine is also equipped with "profile shape sorting" which enables pepper berries to be sorted according to their shape and size. This machine is only used to sort "Creamy white" grades of pepper by rejecting dark berries. Buhler Sortex Z+ had also been used to sort other agricultural products. Besides using image processing approach, this research intends to integrate the moisture content information of the pepper berries with their colour, to assist and improve in the grading process.
B. Chemical Content Analysis
Quality of dried agricultural products including dried pepper can be associated with their chemical content. The moisture loss during drying may affect the chemical and physical properties of dried materials, and therefore it may be possible to relate the colour of the dried pepper berries with their moisture content.
The association between moisture content and colour has been studied in several works such as those by Baini and Langrish [5] , Krokida et al. [7] , Kahyaoglu et al. [8] , Martins et al. [10] and Rapusas et al [11] . Baini and Langrish [5] and [6] analysed the changes in the moisture content and colour for dried bananas. The colour of the drying bananas was measured using the Hunter colour parameter -'L', 'a' and 'b' and the total colour change, 'E'. Here, 'L' refers to the lightness, 'a' refers to the redness and 'b' refers to yellowness. Their findings showed that the dried bananas became darker as the moisture content decreases during drying. This suggests the association between the two properties. In this work, the moisture content and the colour for the five grades of the dried white peppers were measured.
III. METHODOLOGY
The research methodology can be divided into six phases. Based on Fig. 1 , each phase is described next. 
A. Phase I: Literature Review
A critical review of works related to the grading system for peppers in the literature will be included in the first phase of this work. The grading system that will be developed here is based on colour and moisture content, and the correlation between these two attributes will be assessed. The correlation between the colour and moisture content may be assessed based on the drying and colour models in the literature. The use of existing image processing and machine learning algorithms to grade the pepper berries will also be evaluated.
B. Phase II: Model and Subsystems Development
In phase II, the benchmark for the grading system will be identified, which leads to the development of the grading system based on the colour extracted from the pepper berries images and moisture content. The first subsystem is known as Pepper Grading System based on Image Features (PGS -Image Features), and the second subsystem is Pepper Grading System based on Moisture Content (PGS -Moisture Content).
C. Phase III: Sub-systems Testing, Analysis and Evaluation
The pepper grading system based on the colour and moisture content will be tested in this phase. Necessary changes may be required for the purpose of fusing the two elements of quality (colour and moisture content) into a hybrid pepper grading system. The applicability of the hybrid pepper grading system will also be tested in this stage.
D. Phase IV: Integration of Subsystems
The integration of the above two subsystems will be carried out in this phase to produce a hybrid intelligent pepper grading system. This phase also involves testing the hybrid pepper grading system.
E. Phase V: Analysis of the Hybrid Pepper Grading System
An analysis of the effectiveness of the hybrid pepper grading system will be carried out, to evaluate the reliability of the developed system for grading the peppers. This analysis is also expected to include the advantages and disadvantages of the developed system. If the proposed hybrid pepper grading system is proven to be effective and efficient, we plan to develop a prototype software.
F. Phase VI: Documentation
The last phase is to document and report on performance of the hybrid pepper grading system model.
IV. INITIAL FINDINGS
We will focus the discussion of our initial findings and outcome for Phase II and Phase III of the methodology.
A. Phase II: Model and Subsystems Development

A.1 PGS-Image Features
In this phase, we first perform the user requirements, system analysis and design. The user requirement was done through interviews and observation of the existing pepper processing and grading during our visit to the PMB production site.
We then proceeded with capturing the pepper berries image samples for the five grades to establish the benchmark images. For each grade, we captured 200 images. These images are then randomly divided into two collections, namely the training and testing set. Since we have 1000 images, each grade has 100 images in its respective training and testing set. The training set is used to train the machine learning algorithms, while the testing set will be used later to evaluate the subsystem.
The colour image features that were extracted are the red, green, blue and intensity. We experimented with the image features using machine learning algorithms that are available in the WEKA Toolkit [13] . Details of the algorithms that we used can be found in Witten et al. [14] . We present the results in the next subsection.
A.2 PGS-Moisture Content
Five grades of Sarawak White Pepper, which are Standard Malaysian White Pepper No.1, Sarawak Special White, Sarawak FAQ White, Sarawak Field White and Coarse Field White were purchased from MPB Kuching, Sarawak and stored at room temperature. The moisture content of samples of each of the five grades was analysed using a FT-NIR Spectro Meter (NIRA Sample Spinner) while Konica Minolta Chroma Meter CR-400 was used to measure the colour, in terms of the lightness, 'L'.
B. Phase III: Sub-systems Testing, Analysis and Evaluation
B.1 PGS-Image Features
Based on the extracted colour features, the correlation of the quality of pepper grade to the colour features are distinguishable. This can be seen in Fig. 2 , where the graph plot is the average green band value of each image sample. We found that the green band gives a direct categorization of the grade as compared to the red band. This result is different from Abdesselam at el. [3] since we used average values rather than the standard deviation values. However, these results support the same finding that colour features could be used to distinguish between the grades.
Using the WEKA toolkit, we experimented 50 machine learning algorithms using the training set. Among the promising machine learning algorithms are IB1; Random Committee; Nearest neighbour like algorithm using non-nested generalized (NNge); and Random Tree, which obtained 100% accuracy in categorising the pepper berries into their correct grades. In the near future, we will use these machine learning algorithms to evaluate the images in the test set.
B.2 PGS-Moisture Content
The moisture content and the colour of the dried peppers were measured for ten samples, and the results obtained is tabulated in Table II and plotted in Fig. 3 and 4 . The measurement of the moisture content shown in Table 1 and Fig. 2 do not show significant difference between the grades. However, the measured moisture contents for Grade 1-3 are lower than those measured for Grade 4-5.
The lightness of the dried white pepper was measured to be high for Grade 1, and decreases for the later grade as shown in Table II and Fig. 4 . A higher number of 'L' means the pepper is lighter in terms of colour. It can be seen that the colour features obtained using the image processing techniques and colourometer device shows the same pattern, that is different grades are distinguishable.
V. CONCLUSION AND FUTURE WORK
In this paper we have presented an on-going applied research work, namely the iPepper. We also described the overall research methodology and its outcome for the second and third phase. We are currently moving towards the fourth phase of the research. For future work, we plan to study the use of Support Vector Machines (SVMs) and Swarm Intelligent algorithms, and combine the results from the moisture content. The present results suggest that an accurate and reliable Pepper Grading System is viable. Fig. 3 The moisture content for the five grades of the dried white pepper. Fig. 4 . The colour for the five grades of the dried white pepper using Konica Minolta Chroma Meter CR-400
